Abstract Chrysanthemum zawadskii (CZ) is a perennial herb belonging to the Asteraceae family. CZ is used medicinally to treat inflammatory and uterine diseases in Asia. CZ was extracted with 50% ethanol and CZ extract (CZE; at 125, 250, and 500 mg/kg body weight) was administered orally every day for 5 or 6 weeks to investigate the anti-diabetic effects in streptozotocin (STZ)-induced rats and STZ ? high-fat diet (HFD)-fed mice. CZE significantly decreased fasting blood glucose levels in STZ-and STZ ? HFD-induced diabetic models. In addition, glucose tolerance and insulin tolerance were improved in the STZ ? HFD ? CZE group by increasing insulin levels and decreasing hemoglobin A1c (HbA1c) levels in serum. Furthermore, CZE supplements decreased components of the serum lipid profile such as triglyceride, total cholesterol, and low-density lipoprotein cholesterol levels. These results suggest that CZE may be a potential candidate for controlling hyperglycemia.
Introduction
Diabetes is a common chronic metabolic disorder that is characterized by an abnormal modulation of glucose and lipid metabolism (Moller, 2001) . Many other chronic diseases such as hyperlipidemia, hepatic injury, and hypertension, are closely related to the development of diabetes mellitus. Notably, hyperlipidemia is closely related with high insulin and blood glucose levels, and is a major risk factor for arteriosclerosis in diabetes mellitus (DeFronzo and Ferrannini, 1991; Talpur et al., 2003; Yudkin, 1988) . The available treatment methods for diabetes include diet therapy, exercise therapy, and clinical administration of drugs. Drug therapy includes increasing the secretion of pancreatic insulin by sulfonylureas, inhibition of intestinal glucose uptake by a-glucosidase, and decreasing production of hepatic glucose by biguanides. However, using drug therapy has been known to have serious side effects such as hypoglycemia and lactic acidosis (Fratimunari et al., 1989; Moller, 2001) . Therefore, there has been an active search for better agents from herbal or natural products in recent years.
Chrysanthemum zawadskii (CZ) is a perennial herb. CZ has been cultivated in Asia and northeastern Europe and is known in Korea as 'Gujeolcho'. CZ has been used in traditional medicine to relieve inflammatory diseases, gastroenteric troubles, hypertension, bladder-related disorders, and uterine diseases such as menstrual irregularity and infertility (Han et al., 2002; Woo and Lee, 2008) . CZ has been reported to have anti-oxidant (He et al., 2011; Liu et al., 2012) , anti-microbial (Sassi et al., 2008) , and hepatoprotective effects (Seo et al., 2010) . The effective components of CZ consist of flavonoids, essential oils, and polysac-charides (Shim et al., 2012) . Han et al. (2002) have shown that CZ contains flavonoids such as linarin, apigenin, acacetin, and luteolin. Among them, linarin is known as a best representative compound, which has been reported to have neuroprotective (Lou et al., 2011) , hepatoprotective (Kim et al., 2014) , and osteogenic differentiation effects (Li et al., 2016) .
Our previous study confirmed that CZ extract (CZE) has anti-oxidant, lipase inhibitory, and a-glucosidase inhibitory activities, in addition to the confirmed correlation between these activities and linarin content. CZE showed high aglucosidase inhibitory activity, similar to that of acarbose at the same concentration (Kim et al., 2016) . Treatment with acarbose, an a-glucosidase inhibitor, has decreased fasting blood glucose and glycosylated hemoglobin levels in both diabetic animal models and human patients (Mertes, 2001; Wright et al., 1998) . Our previous study confirmed that CZE has the potential to function as an aglucosidase inhibitor (Kim et al., 2016) ; while this current study presents the efficiency of CZE on the control of glucose, blood insulin, and blood lipid levels in STZ and STZ ? HFD-induced diabetic animal models.
Materials and methods

Preparation of standardized extract of Chrysanthemum zawadskii
Three batches (No. 20160511-20160609) of standardized CZE were manufactured and verified by Daeho Corporation Co., Ltd. (Hwaseong, Korea). Briefly, dried Chrysanthemum zawadskii (YeongPyeong Foods Co., Ltd., Sejong, Korea) were shattered and extracted by two subsequent heating at 70°C (4 and 2 h) using 50% ethanol. The extract was then filtered and concentrated (Busung Tech, Ansung, Korea) to 10 degrees Brix at 65°C. The concentrated extract was spray dried (Mehyun Engineering, Anyang, Korea) at an inlet temperature of 175 ± 10°C and an outlet temperature of 80 ± 5°C, with the addition of dextrin (40%). The extraction yield was approximately 20% (w/w) and the powder was standardized with 1.32 ± 0.22 mg/g linarin as a marker ingredient.
Animal models
Seven-week-old male Sprague-Dawley rats were purchased from Orient Bio Inc. (Seoul, Korea). The rats were housed in standard laboratory conditions comprising a light-dark cycle of 12:12 h, humidity of 55 ± 15%, and temperature of 23 ± 3°C. The rats were fed a commercial diet (Cargill Agri Purina Inc., Pyeongtaek, Korea) and provided water ad libitum. The commercial diet contained 20% protein, 4.5% fat, 6% fiber, 0.5% calcium, 1% phosphorus, and 7% ash w/w. Animals were maintained in polypropylene cages, each containing a maximum of five animals. After 1 week of adaptation period, the rats were randomly divided into six groups with five rats per group. The groups were as follows: Control group (Con), Streptozotocin group (STZ), 200 mg/kg of Metformin group (Met) using 256.45 mg/kg of metformin hydrochloride as positive control, 125 mg/kg CZE group (CZE 125), 250 mg/kg of CZE group (CZE 250), and 500 mg/kg of CZE group (CZE 500). The metformin hydrochloride (Granules India Limited, Hyderabad, India), STZ and CZE groups were orally administered with equal volumes of their respective drug or extracts, while distilled water was orally administered to the control and normal groups every day for 5 weeks. Rats were administered with each sample for 2 weeks and then fasted for 12 h. All rats except for the control group were singly injected IP with 60 mg/kg of STZ (Sigma-Aldrich Co., St. Louis, MO, USA) in 0.1 M sodium citrate buffer (pH 4.5). A control group was given citrate buffer. After 72 h, blood glucose levels were measured using a monitoring device (ACCU-CHEK Ò Performa; Roche Diagnostics, Mannheim, Germany) in order to confirm that fasting blood glucose levels of STZ in injected rats exceeds 350 mg/dL. Afterwards, the metformin and CZE groups were orally administered for 3 weeks, while the control and STZ groups were given distilled water. Animal studies were conducted according to institutional and national guidelines; and all experimental procedures were approved by the KNOTUS Institutional Animal Care and Use Committee (KNOTUS IACUC 16-KE-255).
Seven-week-old male C57BL/6 J mice were purchased from the Central Lab. Animal Inc. (Seoul, Korea). The mice were acclimatized to standard laboratory conditions, which comprise of a light-dark cycle of 12:12 h, humidity of 40 ± 4%, and temperature of 20 ± 1°C. After 1 week of adaptation, the mice were randomly divided into two groups. The control group was fed with a chow diet (Cargill Agri Purina Inc., Pyeongtaek, Korea) containing 20% protein, 4.5% fat, 6% fiber, 0.5% calcium, 1% phosphorus, and 7% ash w/w. The other group was fed with a high-fat diet (HFD) D12451 (Research Diets Inc., Newbrunswick, NJ, USA) containing 20% protein, 35% carbohydrate, and 45% fat for 10 weeks. The mice were provided water ad libitum. Animals were maintained in polypropylene cages, each containing a maximum of two animals. All mice except for the control group were fed with HFD for 2 weeks and then injected three times IP with 40 mg/kg of STZ in 0.1 M sodium citrate buffer after fasting for 12 h. At 2 weeks post-STZ injection, mice exceeding fasting blood glucose levels of 200 mg/dL were selected for experiments. Blood was measured using a blood glucose monitoring device, AGM-2200 GlucoDr TM (All Medicus Co., Ltd., Anyang, Korea). Mice from the HFD group were divided into five groups, with seven mice per group. The groups were as follows: STZ and high-fat diet group (STZ ? HFD), 200 mg/kg of Metformin group (Met) using 256.45 mg/kg of metformin hydrochloride as positive control, 125 mg/kg of CZE group (CZE 125), 250 mg/kg of CZE group (CZE 250), and 500 mg/kg of CZE group (CZE 500). The metformin hydrochloride (Wako Pure Chemical Industries Ltd., Osaka, Japan), STZ and CZE groups were orally administered with equal volumes of their respective drug or extracts, while distilled water was orally administered to the control and normal groups every day for 6 weeks. The protocol for the current study was approved by the Animal Care and Use Committee of Chungbuk National University (Approval No. CBNUA-1046-16-01).
Oral glucose tolerance test (OGTT)
STZ ? HFD-induced diabetic mice were orally administered with glucose (Sigma-Aldrich Co., St. Louis, MO, USA) at 1 g/kg body weight after fasting for 12 h. Blood samples were collected from the tail vein at 0, 15, 30, 45, 60, 90, and 120 min for measurements of plasma glucose. Collected blood samples were centrifuged at 13009g for 10 min, after which blood glucose was measured from the serum.
Insulin tolerance test (ITT)
STZ ? HFD-induced diabetic mice were intraperitoneally injected with 1 unit/kg of insulin (Eli Lilly and Company, Indianapolis, IN, USA) following 12 h of fasting. Glucose samples were obtained at 0, 15, 30, 45, 60, 90, and 120 min afterwards. Collected blood samples were centrifuged at 13009g for 10 min, after which blood glucose was measured from the serum.
Serum biochemical parameters
STZ ? HFD-induced diabetic mice were fasted for 12 h. Blood was collected and serum was obtained after centrifugation at 5809g for 15 min. The levels of blood urea nitrogen (BUN), creatinine, hemoglobin A1c (HbA1C), triglyceride (TG), total cholesterol (TC), high-density lipoprotein (HDL) cholesterol, and low-density lipoprotein (LDL) cholesterol were determined using a AU480 Chemistry analyzer (Beckman Coulter Inc., Fullerton, CA, USA).
Histopathology
The pancreatic tissues of STZ-induced diabetic rats, and liver tissues of STZ ? HFD-induced mice were collected for histopathological examination. The tissues were fixed in 10% neutral buffered formalin (BBC Biochemical, Mount Vernon, WA, USA), embedded in paraffin, and serial sections were cut. Paraffin was removed with alcohol and xylene. The sections were stained with hematoxylin and eosin (H&E, BBC Biochemical, Mount Vernon, WA, USA). Atrophy scores of the islet tissue stained with H&E was graded according to the method used by Liu XQ: 0, no islet atrophy; 1, very mild islet atrophy; 2, mild islet atrophy; 3, moderate islet atrophy; 4, marked islet atrophy (Liu et al., 2009 ). In addition, apoptosis levels of other sections were analyzed using a commercial kit for the TUNEL assay, ApopTag Ò Peroxidase In Situ Apoptosis Detection Kit S7100 (Merck Millipore Corporation, Darmstadt, Germany). After dehydration with alcohol, images were obtained under a light microscope (Olympus, Tokyo, Japan). The histopathological analyses were performed blindly.
Statistical analysis
The results are presented as mean ± standard error of the mean (SEM). The differences between groups were evaluated using a one-way analysis of variance (ANOVA) followed by Dunnett's multiple comparison test, or a twoway analysis of variance (ANOVA) followed by Bonferroni post hoc test, using the GraphPad Prism 5 software (San Diego, CA, USA).
Results and Discussion
Body weight and clinical observations
The body weight of all STZ-induced rats was markedly decreased compared to control rats (p \ 0.001) after STZ injection. This result is similar to a previously reported study (Swanston-Flatt et al., 1989) . The body weight of CZE groups did not differ from the STZ ? HFD group, while the body weight of STZ ? HFD-induced mice was elevated compared to the control group, but the difference was not statistically significant (Table 1) . CZE had no influence on body weight, food, and water intake in the diabetic animals (data not shown).
Effect of CZE on fasting blood glucose of diabetic rats and mice
Diabetes is a common metabolic disorder worldwide characterized by chronic dyslipidemia and hyperglycemia due to insulin resistant peripheral tissue and damaged insulin secretion in the pancreas (Saltiel, 2001; Sharma et al., 2011) . Diabetes is also related to severe changes in insulin, glucose, lipid, and lipoprotein (Arvind et al., 2002; Zheng et al., 2011) levels. In this study, STZ-induced rats and STZ ? HFD-induced mice were used to determine the effects of CZE on diabetes. STZ causes appreciable reduction in insulin secretion through the selective damage of b-cells within Langerhans islets (Kim and Kim, 2006; Lemhadri et al., 2006) . It has been reported that when fed with a HFD and injected with a low dose of STZ, mice show many characteristics of insulin resistance such as hyperglycemia, hyperinsulinemia, as well as kidney and liver damage (Reed et al., 2000; Sharma et al., 2011; Zhang et al., 2003) . In the present study, CZE supplementation ameliorated insulin resistance and glycemic control in STZ-induced type 1 diabetic rats and STZ ? HFD-induced type 2 diabetic mice. The effects of CZE on FBG in normal and STZ-induced diabetic rats are shown in Fig. 1A , B. The FBG levels of rats injected with STZ were increased from the third day of injection. The NC group showed a normal FBG levels, which is different from those of STZ, Met, and CZE groups. The FBG levels of diabetic rats were significantly inhibited by 250 mg/kg (p \ 0.05) and 500 mg/kg (p \ 0.05) of CZE. The effect of CZE on FBG levels in STZ ? HFD-induced diabetic mice during feeding is shown in Fig. 1C, D. FBG levels of the 250 CZE group have prominently (p \ 0.01) decreased from day 7, while those of the Met group have markedly (p \ 0.001) decreased from day 21. On the 42nd day, FBG levels of all CZE groups were notably decreased. These results suggest that CZE may act positively in modulating FBG levels of diabetic rats and mice.
Effect of CZE on oral glucose tolerance test and insulin tolerance test of diabetic mice
Diabetes causes impairment in the response of specific tissues to insulin, leading to glucose tolerance (Reaven, 1988) . Postprandial hyperglycemia can trigger protein glycosylation and chronic complications (Dunn et al., 1979; Steiner et al., 1984) . Hanefeld and TemelkovaKurktschiev (1997) reported that the risk of cardiovascular diseases is related to postprandial blood glucose, rather than fasting blood glucose levels. In the current study, we have shown that treating diabetic mice with CZE improves postprandial glucose levels. The OGTT results of all groups showed the highest blood glucose levels at 15 min after glucose administration, followed by steady decreases. The glucose levels of CZE 125 group were decreased at 15 min (p \ 0.05) and 30 min (p \ 0.05) after glucose administration, with marked difference compared to the STZ ? HFD group. The mice treated with 250 mg/kg of CZE had decreased blood glucose levels at 15 min (p \ 0.01), 30 min (p \ 0.05), 60 min (p \ 0.05), and 120 min (p \ 0.01). In the CZE 500 group, the glucose levels were decreased at 15 min (p \ 0.01), 30 min (p \ 0.05), and 120 min (p \ 0.01, Fig. 2A, B) .
CZE showed appreciable reduction effects on ITT levels compared to the STZ ? HFD group (Fig. 2C, D) . All CZE groups had significantly decreased blood glucose levels at 15 and 30 min after insulin administration, followed by continuous differences in the CZE 250 and 500 groups. The CZE 250 and CZE 500 groups had reduced blood glucose levels between 60 and 120 min (p \ 0.05). Insulin resistance was reported to increase glucose production and decrease glucose utilization in the liver, leading to hyperglycemia (Gerich, 2003) . Based on this result, CZE may decrease the risk of insulin resistance and prevent diseases such as hyperglycemia.
Effects of CZE on serum insulin and HbA1c levels
The serum insulin levels of STZ ? HFD-induced diabetic mice were decreased compared to the control group, while the levels for CZE supplement groups increased compared to the STZ ? HFD group (Fig. 2E) . However, the aforementioned changes were not significant. HbA1c levels in the serum of diabetic mice were observed to increase compared to control (p \ 0.001); while those of treated Values are presented as mean ± SEM (n = 5-7 per group) (n = 5 per group of STZ-induced rats, n = 7 per group of STZ ? HFD-induced mice Fig. 2F ). Although there were no significant differences, diabetic mice treated with 125 and 500 mg/kg of CZE had lower serum HbA1c levels than the STZ ? HFD group. High levels of serum insulin can induce insulin resistance to insulin-mediated glucose uptake (Harris et al., 2001) . Thus, the results of the present study indicate that CZE supplement can improve insulin sensitivity.
Effects of CZE on serum biochemical parameters
STZ ? HFD-induced type 2 diabetes mice had increased serum levels of TG, TC, and LDL compared to the control group (Table 2) . Treatment of diabetic mice with CZE decreased both TG and LDL levels, while increasing HDL levels; however, these differences were not significant when compared to the STZ ? HFD group. BUN and creatinine levels did not significantly change. In this study, CZE did not lead to renal toxicity. Glycemic control level is an important determinant of serum LDL and triglycerides (26). Thus, the lowering effects of CZE on serum lipids, including TG and LDL, and its increasing effects on HDL levels in STZ-induced and STZ ? HFDinduced diabetic animals can be associated with a glycemic control resulting from increased insulin.
Effects of CZE on histopathology
Histopathological observation and atrophy scores of pancreatic islet tissues stained with H&E are shown in Fig. 3 . STZ-induced diabetic mice had increased atrophy scores, while CZE treatment was able to decrease the score. Treatment of diabetic rats with CZE at 125 and 500 mg/mL notably reduced (p \ 0.05) atrophy; while CZE at 250 mg/ mL had the same trend, albeit insignificantly. The TUNEL assay showed that apoptosis of pancreatic islets was significantly decreased upon treatment with 125 mg/kg (p \ 0.01), 250 mg/kg (p \ 0.001) and 500 mg/kg (p \ 0.05) of CZE. These results suggested that CZE may inhibit the atrophy and apoptosis of pancreatic islets in diabetic animals. To determine whether CZE affects hepatic lipid accumulation, liver tissues of mice were stained with H&E to investigate histopathologic changes in the liver (Fig. 4) . The lipid droplets were prominently increased in STZ ? HFD-induced diabetic mice compared with the control group. The cord arrangement around the central vein of diabetic mice was partially collapsed. The lipid droplets in the liver of diabetic mice supplied with CZE at 125 mg/mL decreased in size, but the number of lipid droplets was observed to increase. On the other hand, lipid droplets of mice treated CZE at 250 and 500 mg/mL were significantly decreased, and arrangement of hepatocytes remained constant. Based on these results, CZE appears to prevent fatty livers caused by STZ ? HFD-induced type 2 diabetes by inhibiting lipid accumulation in the liver.
In conclusion, the current study provides evidence that CZE ameliorates by reducing fasting blood glucose, increasing insulin levels in serum, as well as improving insulin resistance and lipid metabolism. In our previous study, we had confirmed that CZE correlates with linarin content, total polyphenol content, total flavonoid content, ABTS and DPPH radical scavenging ability, a-glucosidase TC total cholesterol i HDL-C high-density lipoprotein cholesterol j LDL-C low-density lipoprotein cholesterol Fig. 3 Histopathological characteristics of pancreatic islets in STZinduced type 1 diabetic rats treated with CZE. Pancreatic sections were stained with hematoxylin and eosin (A) and scored for atrophy (B). Representative images from the TUNEL assay (C) and apoptotic index (D 
